This study was conducted to investigate the biochemical effects of Paracetamol which chemically named as N-acetyl-p-aminophenol (APAP) high dose on experimental animals and to study the antiinflammatory, immunomodulatory, antioxidant and hepatoprotective activity of oil (ethanolic) and aqueous (water) extracts of Moringa oleifera (M. oleifera) leaves supplementation as well as choosing the best extract. This study was carried out on eighty three male adult albino rats of Sprague-Dawely strains which were divided into eight groups, of ten animals each except APAP control group were composed of thirteen rats, all rats were fed commercial diet. Group (I): rats received a placebo 1g of 0.9% normal saline by oral intubation daily, while other groups received a high dose of APAP (1g APAP/kg body weight) daily by oral intubation to induce hepatotoxicity. Group (II): rats received APAP dose daily without any treatments. Groups (III, IV and V): rats received APAP dose and supplemented with water extract of M.olifera at three tested doses (200,300 and 400mg/Kg body weight) respectively daily by oral intubation. While groups (VI, VII and VIII), rats received APAP dose and supplemented with ethanolic extracts of M.olifera at three tested doses (200,300 and 400mg /Kg body weight) respectively daily for four weeks.
Introduction
APAP is a readily available over-the-counter medication as an effective painkiller and fever suppressor. APAP retains a virtuous safety profile at therapeutic doses. However, when its therapeutic index is breached, it results in acute / chronic hepato-renal damage in both human and experimental animals ( Karthivashan et al., 2015) . The toxicity of APAP is closely related to its metabolism in both the liver and extra hepatic tissues. APAP is mainly metabolized by sulfation and glucuronidation. A small proportion is metabolized through cytochromes CYP2E1 and to a lesser extent CYP1A2 and CYP3A4, which produce a reactive metabolite, N-acetyl-p-benzoquione imine, (NAPQI). Liver APAP toxicity is associated with depletion of glutathione (GSH) followed by covalent binding of reactive APAP metabolites to tissue proteins resulting in a state of oxidative stress and inflammation (Singh et al., 2011a ).
The search for drugs and dietary supplements derived from plants has accelerated.
Medicinal properties of plants have also been investigated in the light of recent scientific developments throughout the world, due to their potent pharmacological activities, low toxicity and economic viability, when compared with synthetic drugs . Aim of the work: This study was conducted to investigate the biochemical effects of APAP overdose on experimental animals and to study the anti-inflammatory, immunomodulatory, antioxidant and hepatoprotective activity of ethanolic and water extracts of M. oleifera leaves supplementation as well as choosing the best extract.
Materials and Methods

Materials
2.1.1. Chemical:-Paracetamol also known as acetaminophen (APAP) was obtained from ELGomhouria Company for Trading Chemicals, Cairo, Egypt. 1g of APAP was suspended in 1ml distilled water and given to rats. 2.1.4. Plant: -M. oleifera leaves were purchased fresh from Moringa production unit in the National Research Center, Giza, Egypt. Leaves were washed with distilled water and dried in vacuum oven at 50 ˚C for 10 h. and then crushed.
Animals: -
Methods
Preparation of Moringa leaves extracts
2.2.1.1. Preparation of water extract: -Dried powdered leaves was mixed with 10 ml boiling distilled water for 5 minutes .The mixture then filtered twice through 2µm pore sterile filter paper into a sterile tube. The water extract stock solution (100 mg/ml) was freshly prepared and stored at 4˚C for up to 5 days (Berkovich et al., 2013).
Preparation of ethanolic extract:
-One gram dried powdered leaves was mixed with 10 ml of 80% ethanol. The mixture was stirred using magnetic stirrer in air tight container for about 1 h., and then filtered. The filtrate was evaporated in rotary evaporator to remove ethanol (at 40-45˚C and 250 r.p.m.). The ethanol free sample was weighed (100 mg) and suspended in 1ml distilled water to give final extract solution (100mg/ml) (Babu et al.,
2003).
2.3.Experimental Design:
-Animals randomly classified into eight groups of ten animals each except APAP control group was composed of thirteen rats and treated as following: Group I: control group, rats fed commercial diet and received a placebo 1g of 0.9% normal saline by oral intubation.; Group II: APAP control group, rats fed commercial diet and received 1g APAP/kg body weight daily by oral intubation.; Group III : rats fed commercial pellets diet and received 1g APAP/kg body weight with 200mg water extract of M.olifera leaves/Kg body weight daily.; Group IV: rats fed commercial pellets diet and received 1g APAP/kg body weight with 300mg water extract of M.olifera leaves/Kg body weight daily. Group V: rats fed commercial pellets diet and received 1g APAP/kg body weight with 400mg water extract of M.olifera leaves/Kg body weight daily.; Group VI: rats fed commercial pellets diet and received 1g APAP/kg body weight with 200mg ethanolic extract of M.olifera leaves/Kg body weight daily.; Group VII: rats fed commercial pellets diet and received 1g APAP/kg body weight with 300mg ethanolic extract of M.olifera leaves/Kg body weight daily.; Group VIII: rats fed commercial pellets diet and received 1g APAP/kg body weight with 400mg ethanolic extract of M.olifera leaves/Kg body weight daily. Animals were maintained on a natural light/dark cycle and given food and tap water ad libitum during all the experimental period.
After seven days of experimentation three rats of APAP control group were sacrificed to examine the liver and spleen tissues to confirm inflammation and oxidation status by microscopic examination. At the end of the experimental period (four weeks) rats were anesthetized using diethyl ether anesthesia after overnight fasting. Blood samples were collected from the hepatic portal vein and serum was separated for analysis. Then rats sacrificed and abdomen was opened at greater curvature as liver and spleen were removed to be examined microscopically. 
Biochemical analysis: -
Results
Effect of M. oleifera water or ethanolic extracts administration on hepatic MDA, NO and PCG levels in APAP intoxicated rats Table ( 2) showed that APAP acts as a potent oxidant which caused a state of oxidative stress manifested by a massive decrease in the activities of serum antioxidant enzymes, CAT, GR, and GST as well as depletion of the blood non enzymatic antioxidant GSH level in APAP control group when compared with healthy control group. While we observed that water and ethanolic extracts contain potent antioxidants caused a noticeable improvement in the level of antioxidant enzymes as well as nonenzymatic antioxidants as there was a significant increase in serum CAT, GR, GST activities as well as blood GSH level in water and ethanolic administered APAP groups when compared with APAP control group. Table ( 
Effect of M. oleifera water or ethanolic extracts administration on serum CAT, GR, GST activities and GSH level in APAP intoxicated rats
Effect of M. oleifera water or ethanolic extracts administration on serum ALT, AST and γGT activities in APAP intoxicated rats
Effect of M. oleifera water or ethanolic extracts administration on serum IgG and IgM levels in APAP intoxicated rats
The suppression of the immune system by APAP administration is recorded in table (5)  Intoxicated rats consumed APAP dose of (1g/kg body weight). 
Discussion
Oxidative stress is caused by an imbalance between the production of ROS or oxygen free radicals and a biological system's ability to readily detoxify the reactive intermediates or easily repair the resulting damage leading to important health implications ( Results of the current study showed significant increase in MDA,NO, and PCG levels in APAP hepatotoxicated rats compared to healthy controls, meanwhile there was a significant decrease in the same parameters among rats which supplemented with water as well as ethanolic extract of M.olifera table (1).These results were found to be in accordance with 
5.Conclusion:
Both daily water and ethanolic extracts administration at the tested doses (200,300 and 400mg /Kg body weight) to rats exerted an immunomodulatory, antioxidant, hepatoprotective and anti-inflammatory effects which were probably mediated by its strong antioxidants (zeatin, quercetin, beta-sitosterol and kaempferol) as well as minerals and vitamins. Moreover the ethanolic extracts were more effective when administered in the dose level of (400mg/kg) due to the highest lipid solubility of these active components.
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